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Twenty-one  U,S.  Navy  divers  were  given  several  standard  visual  tests,  the  Purdue  Peg- 
board,  the  Bennett  Hand  Tool  Dexterity  Test,  and  the  Wechsier  Memory  Scale  while 
breathing  air  or  30%  nitrous  oxide.  The  results  showed  that  visual  function,  fine  and  gross 
motor  performance,  and  long-term  memory  were  normal  under  nitrous  oxide,  while  learn¬ 
ing  and  short-term  memory  were  significantly  impaired.  The  subjective  effects  of  breath¬ 
ing  nitrous  oxide  were  similar  to  those  experienced  during  cotnpreued  air  narcosis.  The 
selective  impairment  of  short-term  memory  suggests  that  divers  might  be  able  to  perform 
useful  work  at  depths  deeper  than  those  currently  authorized,  provided  the  tasks  were 
well  learned  and  practiced.. 


INTRODUCTION 

The  effects  of  inert  gas  narcosis  are  an 
irr.aortant  concern  forlmth  military  and  sport 
diven;,  because  narcosis  not  only  impairs  job 
performance  but  sometinces  results  in  fata) 
diving  accidents.  It  has  been  shown  that  inert 
gas  narcosis  inhibits  central  nervous  system 
activity,  sometimes  producing  motor  distur* 
bances,  defective  vision,  and  auditory'  halluci* 
nations  (Bennett,  1966),  Kiessling  and  Maag 
(1962)  demonstrated  that  manual  dexterity,  re* 
action  time,  and  conceptual  reasoning  were 
consistently  impaired  at  simulated  depths  as 
shallow  as  100  ft.  while  divers  breathed  air,  and 
that  the  amount  of  impai,  it  increased  with 
the  complexity  of  the  task.  Baddeley,  De 
Figueredo,  Curtis,  and  Williams  (1968)  have 
sliown  that  cognitive  tasks  were  more  impaired 
than  motor  performance  during  mild  narcosis, 
while  Bennett  (1966)  found  that  arithmetic 
reasoning  was  readily  dbrupted  at  shallow 
depths. 

Relatively  little  attention  has  been  directed, 
however,  toward  further  specifying  which  basic 


performance  factors  are  susceptible  to  narcosis, 
or  toward  determining  whether  learning  or 
memory  is  most  readily  impaired.  Results  of 
several  studies  indicate  that  practice  and 
experience  may  result  in  improved  performance 
under  narcosis  (Kiessling  and  Maog,  1962; 
Boulton,  Catton,  and  Carpenter,  1964),  while 
another  study  has  shown  that  long-term 
memory  may  be  less  impaired  than  short-term 
memory  (Steinberg  and  Summerfield,  1957). 
Maintenance  of  performance  during  narcosis 
would  suggest  that  properly  trained  and  condi¬ 
tioned  divers  could  work  at  depths  dee---  than 
those  presently  considered  safe.  For  ex...npie, 
the  United  States  Navy  currently  limits  air  dives 
to  190  ft.  except  for  emergencies. 

This  study  is  concerned  with  some  of  the 
specific  performance  effects  of  inert  gas 
narcosis  using  30%  nitrous  oxide  to  mmulate 
the  anesthetic  properties  of  ait  at  a  depth  of 
210  ft.  of  seawater  (Cherkin,  1968).  The  per¬ 
formance  factors  studied  included  motor 
coordination,  orienlation,  learning,  long-  and 
diort-tcrm  memory,  and  visual  recall.  Several 
measures  of  visual  function  were  aiso  taken. 
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METHOD 

SubjecU 

The  subjecU  were  21  diven  asaigned  to  the 
U.S.  Navy  Experimental  Diving  Unit,  Washing¬ 
ton,  D.C.  Diven  ranged  in  age  from  24  to  41 
yean.  Median  age  for  the  group  was  28  yean. 

hocedwre 

AU  tests  were  administered  under  stan¬ 
dardized  conditions.  Subjects  weie  tested  in 
counterbalanced  order;  10  were  tested  first  on 
air  followed  by  nitrous  oxide,  and  1 1  received 
the  reverse  order.  The  subjects  breathed 
through  a  conventional  face  mask  equipped 
vdth  r  transducer  for  voice  communication. 
The  mask  was  attached  by  rubber  tubing  to  a 
meteorological  balloon  which  was  fed  gas  from  a 
pressurized  cylinder.  The  control  valve  was 
opened  to  the  room  atmosphere  during  tests  on 
air.  The  narcotic  gas  used  during  the  tests  con¬ 
sisted  of  30%  nitrous  oxide,  20%  oxygen,  and 
50%  r,  \rogen. 

Subjects  were  given  10  min.  on  the  mask 
prior  to  testing,  and  were  periodically  asked  to 
comment  on  their  sensations.  The  divers  were 
also  asked  whether  these  sensations  had  been 
previously  experienced.  Visual  tests  were 
administered  after  this  initial  breathing  period, 
followed  by  tests  of  learning  and  rae.Tiory. 
Motor  performance  was  then  tested  using 
simple  psychomutor  tasks. 

TASK  I'LSCKIPTiON.S 

yuuai  Tests 

Visual  acuity  at  20  ft.  was  estimated  using  a 
standard  Snellen  flhart,  while  near  visual  aenitv 
was  measured  with  an  American  Optieel  reading 
eard  held  14  in.  from  the  eyes.  Kxtrawiiiar 
niugi-le  function  was  tcHted  by  nbsrrvtug  the 
eyes  in  *tsrre  jilaces,  with  and  wilhmit  »  red 
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glass  cover.  Subjects  were  asked  to  deacr  be  any 
diplopia.  Phorias  were  estimated  usi  ig  the 
Maddox  Wing.  Proximal  accommodation  was 
determined  with  both  eyes  simultaneously, 
measuring  the  dUiance  at  which  the  smallest 
chancteiB  on  the  vision  card  became  indistin¬ 
guishable.  Intraocular  pressure  was  tested  with 
a  Schiotz  Tonometer;  stereopsis  was  evaluated 
using  standard  Titmus  rings.  Each  subject  was 
examined  for  spontaneous  nystagmus.  Assym- 
metrical  optokinetic  nystagmus  wus  tested 
using  a  standard  optokinetic  drum.  Corrective 
lenses  were  not  used  during  any  of  the  tests. 

Bennett  Hand-Tool  Dexterity  Test 

The  task  used  on  the  Benmu  Hand-Tool 
Dexterity  Test  consisted  of  removing  nuts, 
washers,  and  bolts  from  one  jidc  of  a  steel 
frame  and  reassembling  them  on  the  other  side 
of  the  frame,  using  a  standard  set  of  wrenches 
and  screwdrivers.  Subjects  were  given  three 
practice  trials  prior  to  testing  in  order  to 
minimize  practice  effects.  The  performance 
score  was  the  total  time  required  to  complete 
the  task.  This  task  measures  meclunical  apti¬ 
tude  and  gross  motor  skill. 

htrdue  Begboard 

The  task  osi-d  on  the  Purdue  Pegboard 
required  that  a  set  of  pins,  collars,  and  washers 
be  assembled  in  a  prescribed  order  on  a 
pgboard.  Three  practice  trials  were  also  given 
liefore  testing.  The  performance  score  was  the 
iiuniber  of  parts  assembled  correctly  in  3C  sec. 
This  task  is  a  measure  of  manipulative  skill  and 
fine  motor  performance. 

U'echsler  Memory  Scale 

The  Weelwler  Memor/  .Seale  ewi.'.isls  of 
seven  Miblists  wliieli  Ci‘S{  for  knowledge  of 
personal  and  <  iirrent  infortisaiioii,  orientatfoii 
to  time  and  pla-e,  menial  eonlrol,  recall  of 
togieai  material,  digit  span  (forwatd  feiid  liacl. 
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ward),  reproduction  of  aimple  geometric  figures  test  conditions.  Tests  of  extraocular  muscle 
from  memory,  and  associative  learning.  The  function  showed  conjugate  reflexes  to  be  nor* 
two  forms  of  the  test  were  administered  in  a  mal.  Subjective  diplopia  was  not  reported, 
counterbalanced  order.  Evidence  of  slight  insignificant  exophoria  was 

found  in  ten  subjects  using  the  MaMox  Wing; 

RESULTS  vertical  pkorias,  however,  were  not  detected. 

Som?  subjects  also  showed  slight,  insignificant 
Vitual  Functioiu  impairment  in  distance  vision. 

Results  of  the  visual  tests  are  shown  in  Table  Motor  Performance 
1.  The  data  indicated  that  vision  was  not 

significantly  impaired  while  subjects  were  Table  2  “hows  the  results  for  performance 
breati.Ing  30%  nitrous  oxide.  Those  differences  Bennett  Hand-Tool  Dexterity  Test  and 

which  did  exist  were  small,  inconsistent,  and  Pfghoard.  There  were  no  Utisti- 

always  within  normal  limits.  significant  differences  revealed  oelween 

All  subjecte  were  able  to  read  the  smallest  performance  on  air  versus  performance  on 

characters  on  the  near  vision  card  while  brcatli-  nitrous  oxide,  indicating  that  neither  gross  nor 

ing  nitrous  oxide.  Results  using  the  nine  litmus  motor  performance  was  significantly  im- 
stereopsis  patterns  were  normal,  as  were  tests  of  P'‘if‘‘d  ‘inring  narcosis.  Performance  on  the  two 

interocular  pressure  and  accommodation,  motor  tasks  was  highly  variable,  however,  and 

Spontaneous  nystagmus  was  not  detected,  represented  a  wide  range  of  mechanical  skUl  and 

while  tcsis  of  optokinetic  nystagmus  found  dexterity.  It  is  clear  that  motor  performance 
normal,  symmetrical  movements  under  both  remained  unimpaired  during  moderate  narcosis. 


Wechtler  Memory  Scale 

Results  of  the  Weehsier  Memory  Scale  are 
presented  in  Table  3,  which  shows  that  orienta¬ 
tion  to  time  and  place,  mental  control,  digit 
span,  and  visual  recall  remained  essentially 
normal  under  nitrous  oxide,  while  short-term 
memory  for  logical  material  and  associative 
learning  were  .significantly  impaired. 

Figure  I  shows  that  substantial  improve¬ 
ments  ill  performance  occurred,  however,  in  the 
associative  learning  task  over  three  trials  on 
nitrous  oxide.  Thes<-  data  suggest  that  some 
learning  is  possibb  even  during  moderate 


TABLE  2 

Mean  .Scores  and  Standard  Deviations  on  Psychomotor  Pcrformaiii'e  Tests 


Air 

Nitrous  Oxide 

Test 

Mean 

S.D 

Mean 

S.D. 

1 

Bennstr  Hand  Tool  fSsc.) 

346.48 

43.66 

342.38 

30  72 

0.69 

Purdue  Pegboard  (Pons, '30  sec  ) 

38  24 

5  39 

38  33 

3  87 

0.10 

TABLE  I 

Modal  Scores  on  ViauiU  Tests 


Tmt 

Air 

Nitrous  Oxide 

Visual  Acuity 

Near 

0.50  line 

0.60  line 

Distant 

20/20 

20/20 

Titmus  Stereopsis 

All  correct 

All  correct 

Irtraocular  Pressure 

(Scale  Units) 

6.75 

5.60 

Optokinetic  Nystagmus 

Normal 

Normal 

Versiorts 

Normal 

Normal 

Accommodation 

(Inches) 

7.0 

6.5 

l\4addox  Wing 
(Scale  UniN) 

Horirontal 

0 

0 

Vertical 

0 

0 
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TABLES 

Mean  Seorea  and  SUndaid  DevUtioni  for  Coned  Items  on  the  Wechsier  Memory  Scale 

Air  Nilrout  OMida 


Tmt 

kh»n 

S.O. 

Mean 

&D. 

' 

Orientation 

tO.67 

0.74 

10.06 

1.11 

MantsI  CiMitrol 

1.73 

6.04 

1.78 

.••4 

Digit  Span 

Fonmrd 

7.09 

1.05 

6.57 

1.30 

"  ■it 

Bsckwuxt 

5.04 

1.51 

4.S1 

1.39 

*.v1 

Vituai  Rseall 

11J0 

2.30 

12.00 

1.92 

A34 

ShorMsrm  Mtmory 

14  JO 

3.12 

8.28 

2.07 

■  •'?2* 

Aimiativs  Lsaming* 

Simple 

6.51 

0.76 

4JB 

1.1b 

..37* 

Complex 

2.13 

1.24 

1.21 

1.06 

;t47* 

*  Mean  for  all  three  trials. 
•^<0.01. 


narcoaia.  Reaulta  from  the  Wechaler  Memory 
Scale  aubtesta  are  diacuaaed  below. 

Phonal  Hiitay,  Currtnt  Infonnation,  and 
Orientation 

This  teat  aaks  (or  age,  date  of  birth,  names  of 
public  officials,  and  other  information,  such  as 
current  date  and  location.  Memory  for  this 
information  remained  normal  while  breathing 
nitrous  oxide.  Approximately  90%  of  these 
answers  were  correct  under  both  test  condi¬ 
tions.  It  should  be  emphcsized  that  this  kind  of 
information  is  relatively  permanent,  and  that 
this  may  have  enhanced  recall  under  nitrous 
oxide. 

Mental  Control 

These  tasks  require  counting  backwards 
from  20  to  1,  repeating  tlie  alphabet,  and 
counting  forwards  by  threes  or  fours.  The 
(icrformance  score  was  the  number  correct. 
The  results  showed  that  performance  on  nitrous 
oxide  was  not  significantly  different  from  tl.st 
on  air.  The  results  suggest  tiiat  long-term 
memory  and  simple  cfjgnilive  performance  weir 
essentially  normal  at  this  level  of  narcosis. 


Ufit  Span 

In  this  Bubtest,  digit  sequences  of  increasing 
length  are  recited  from  memoc,  until  two 
consecutive  sequences  are  ndtsed.  Digit  span  is 
the  length  of  the  longest  series  correctly  re¬ 
called.  Performance  on  this  <ubtest  was  normal 
under  both  conditioi  s.  This  finding  suggests 
that  rote  memory  remaina  ‘:irgely  intact  under 
nitrous  oxide. 

Vuual  Recall 

This  test  requires  that  simple  geometric 
figures  be  reproduced  from  memory.  The 
figures  are  printed  on  three  test  cardj  and 
presented  in  order  of  increasing  complexity. 
The  designs  are  viewed  for  10  sec.,  and  must 
then  be  drawn  from  memory.  A  standardised 
fumiat  is  used  to  score  the  drawings.  Perfor¬ 
mance  on  this  task  was  essentially  normal  while 
breathing  nitrous  oxide.  These  results  are  note¬ 
worthy,  however,  because  tlie  materia!  to  be 
remembered  is  visual,  while  that  on  the  other 
subtestsof  the  Weclisler  Memory  Scale  is  largely 
verbal.  Moreover,  this  information  wus  new  ami 
Imd  to  be  learned  under  nitrous  oxide,  while 
intich  of  the  information  on  previous  subtests 
Itad  bee*’  learned  prior  to  narcosis. 
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trials 

tifure  I.  Mmh  numter  ofumplt  and  complex  verbal  a$iocklio>u  eoneetly  recalled  ojer  three  triaU. 


Short-Term  Memory 


Thiit  task  conaiste  of  recalling  from  memory 
the  contents  of  two  brief  stories  which  are  read 
aloud.  T.ie  {>erfonnance  wore  was  the  average 
number  of  ideas  correctly  remembered.  T’lr 
results  (Table  3)  indicated  that  short-term 
memory  of  verbal  material  was  significantly 
impaired  during  narcosis.  Subjects  rememberwl 


71%  of  the  ideas  under  normal  conditions, 
while  only  39%  were  recalled  during  narcosis.  It 
is  uncertain  whether  this  performance  resulted 
from  lack  of  attention  or  impaired  recall. 
Performance  on  previous  subtests  suggest  that 
recall,  rather  than  attention,  was  probably 
impaired.  If  attention  had  decreased  utider 
nitrous  oxide,  performance  on  previously 
administered  subteats,  such  as  visual  memory 
ar.d  digit  span,  should  also  have  be  ■  disrupted. 
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Auoeiative  Lmming 

This  test  consists  of  ten  word  sssociations; 
six  assc«iations  are  logical  and  easy  to  learn, 
and  four  are  difficult.  The  ten  paired  associates 
were  presented  three  times,  and  retention  was 
tested  after  each  presentation.  During  testing 
the  first  word  of  the  pair  was  read  aloud  and 
had  to  be  answered  correctly  within  S  sec.  or 
the  correct  association  wu  supplied.  Figure  1 
shows  that  performance  on  this  subtest  was 
impaired  on  nitrous  oxide.  The  results,  how* 
ever,  su^jgest  that  substantial  learning  is  pcMibie 
during  narcosis.  Recall  of  both  the  easy  and 
difficult  asiociations  increased  over  the  three 
trials,  with  ticall  of  the  easy  items  being  normal 
on  the  third  trial,  h  is  apparent  that  cast;  of 
association  was  helpful  in  recalling  the  paired 
words.  These  data  appear  to  substantiate  the 
above  findings  that  memory  fo.*  previously 
learned  material  remained  largely  intact  under 
moderate  narcoris.  Material  which  was  new  and 
which  could  not  readily  be  integrated  with  past 
experience  was  most  readily  impaired  during 
narcosis. 

Subjective  Reports 

Fourteen  divers  stated  that  sensations 
experienced  during  narcosis  were  similar  to 
those  encountered  while  breathing  compressed 
air  at  depths  of  200  to  250  ft.,  which  corres¬ 
ponds  closely  to  the  predicted  anesthetic 
equivalence  of  air  and  nitrous  oxide  (Gherkin, 
1968).  Five  of  the  remaining  divers  indicated 
that  they  found  the  effects  similar  to  alcohol 
intoxication,  while  the  other  two  subjects  did 
not  relate  the  sensations  to  any  previous 
experience.  None  of  the  divers  reported  notic¬ 
ing  any  unusual  sensations  while  breathing  air 
through  the  face  mask. 

DISCUSSION 

The  results  of  this  study  indicated  tliat  while 
breathing  30%  nitrous  oxide  (1)  visual  function 
remained  normal,  (2)  fine  and  gross  motor 


performance  were  not  dianipted,  (3)  long-term 
memory  remained  intact,  (4)  viiual  learning  and 
memory  were  normal,  (5)  verbal  learning  and 
iltort-term  memory  were  significantly  impaired, 
and  (6)  subjective  effects  similar  to  those 
experienced  during  compressed  air  narcosis 
were  reported. 

Results  of  the  visual  tests  suggested  that 
sensory  function  was  essentially  normal  under 
30%  nitrous  oxide.  The  results  ^m  the  test  for 
nystagmus  were  particularly  significant,  because 
it  has  been  demonstrated  that  other  depressant 
drugs,  such  as  barbiturates  and  anticonvulsants, 
often  produce  spontaneous  vestibular 
nystagmus  (Bender,  1946).  The  results  of  the 
present  study  suggesr,  that  nitrous  oxide  can  be 
useful  in  visual  tests  examinations  in  which 
light  anesthetic  is  required 

Fine  and  gross  motor  performance  '.'ere  also 
nomul.  These  data  are  consistent  with  results 
from  other  studies  which  show  that  tasks 
having  a  large  motor  component  are  least 
susceptible  to  the  effects  of  inert  gas  narcosis 
(Baddeley,  1966;  Kiessling  and  Maag,  1%2).  It 
is  difficult,  however,  to  determine  whether  it  is 
simplicity  alone  or  past  experience  with  similar 
tasks  which  resulted  in  normal  performance. 
Results  from  the  cognitive  tasks  suggest  that 
past  experience  and  practice  are  important 
factors  iti  nuintaining  performance  during 
moderate  narcosis. 

Results  of  the  Weehsler  Memory  Scale 
showed  that  cognitive  tasks  involving  long-term 
memory  were  Ires  impaired  than  tasks  requiring 
learning  and  short-term  memory.  This  suggests 
that  many  of  the  performance  effects  of  nitrous 
oxide  could  possibly  be  eliminated  if  the 
material  has  been  sufficiently  learned  prior  to 
lurcosis.  These  results  were  similar  to  those  of 
previous  studies  which  found  that  practice  can 
minimise  the  perfonnance  effects  of  inert  gas 
narcosis  (Kicssling  and  Maag,  1%2;  Poulton, 
Gatton,  and  Gaq)ent<‘r,  1%4).  I’liis  also  con¬ 
firms  the  results  of  other  studies  which  how 
tliat  cognitive  perfonnance  on  tasks  requinng 
short-term  memory  is  significantly  disrupted 
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white  leresUiing  30%  ailrout  oxide  (Franhcn- 
heetn^  end  Beehiecn.  1961:  Stanhetg  xnd 
SuRiiRerHetd,  1937),  Although  this  study  foiind 
that  learning  of  t»w  inftamstion  was  impaired 
under  nitrous  oxide,  e^ficant  impmvemenl  in 
pnrforaisnce  did  occur  and  may  have  ap¬ 
proached  contn^  levels  with  mewe  practice. 

It  is  noteworthy  that  sltort-tem  viauai  recall 
remained  intact  despite  the  significant  impair¬ 
ments  in  short'tenn  verbal  meatory.  Ahhos^gh 
these  two  tasks  have  never  been  JdmuRy 
equated,  a  comparison  of  scores  under  control 
conditions  showed  thel  th«  percentage  of  error 
on  the  vbiai  task  was  about  the  same  (16%)  as 
that  which  occurred  on  the  first  trial  of  the 
ample  association  task  (18%),  indicating  that 
Uie  two  tests  may  have  bscii  approxisnattly 
equal  in  difficulty.  Perfomianee  during  narcosis 
would,  therefore,  surest  thet  nitrous  oxide 
selectively  impaired  memofy  for  verbal  inf«w- 
nuiion,  while  leaving  viiuuii  recall  intact.  These 
results  are  similar  to  those  of  another  study 
(Parichouse,  Henric,  Duncan,  and  Rome,  1960) 
in  which  memory  for  paired  designs  «n  30% 
nitrous  oxide  was  significantly  better  tbffs 
memory  f'^r  nonsense  syllables.  The  bssis  for 
this  difference,  hov/ever,  is  unknowis.  Ablujugh 
nitrous  oxide  had  prchably  reached  tluMc 
mechanieins  involved  in  vwnal  recall  long  before 
testing  sv'.curred  (Kety  and  Schotsdl,  1948),  it  w 
possibi-  that  this  dossac  was  not  sufficient  to 
disrupt  norma!  activity  in  thet-e  mrehaiusms 
(lirszier,  i954).  Differences  between  the  two 
tasks  could  also  at  count  for  the  resuJuj. 


CONClUSit'tNS 

The  results  ui  this  study  j?idic«teti  tlw:  inert 
gas  narcosis  selectively  disrupted  [lerformance. 
Vision,  motor  fierfomtanee.  iong-tenn  memory, 
-ndl  visHc!  rei-aU  remained  largely  intact  uodei 
nitrous  oxide  widie  learrtiag  and  hiiorl-ferir, 
memory  were  ssgnsfieaniSy  inspaired.  Siirr 
learning  and  short-term  no  •norv-  wefc  pot.idde 
duriiig  jnoderaie  isafciwis,  rugjjestuig  ;li4t  per 


fcxnnsnce  sn«y  havs  .tpprosched  lUKHiaS  5cv^ 
with  adequate  pptetke.  Th^  results  (Sffer 
from  thoss  of  other  studiee  of  nsreo^,  espe¬ 
cially  those  which  have  tested  peffwRMmee 
during  actual  chamber  dives  (Bodd^sy,  Dc 
Figucredo,  Curtis,  and  WiRhuftia,  1968;  Klri^ng 
and  hfiteg,  1962).  Both  aKtstcr  perforrhosics  and 
simple  cognitive  tasks  were  getset^y  lees  Im¬ 
paired  in  this  study,  perhaps  because  these 
GiverB  had  more  experience  with  bwcosbi  «ad 
she  testing  conditiom  were  lew  strm^ul.  The 
divers  used  in  this  study  had  si!  performed 
underwater  taeSu  during  tiibrr^en  iwcosis,  and 
may  have  leatrscd  io  adjust  partuRy  to  its 
effects.  Moreoysr.  other  studies  S»ve  suggested 
tlat  the  psychoiogitii  stress  of  diving  may 
worse.:  the  pcrfoimance  effrete  of  nitrogen 
narcesi!.  {Saddeley,  1%6).  Nitrous  e.xide  could 
prove  uwDSuS  in  studying  intersetwMB  between 
|»ychological  stress  and  nitrogrii  narcosis. 

Aithouj^  {h«tk*  results  indicate  tisat  the 
fwrformo.nee  effects  of  inert  goe  -Micosb  esn  bt 
minimised  in  certain  M^..^tior^e,  further  study 
will  he  iiei  eswiry  Siefore  these  corrclueions  <Min 
be  subebtutUtrd  and  applied  to  octcsl  diving 
conditions. 
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